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Abstract  
Energy consumption and air pollution, greenhouse gas (GHG) emissions are closely related, it is inevitable to control 
and reduction of multiple air pollution and GHG by optimization the structure energy consumption. Combined energy 
consumption structure and demand with long-term development planning of Beijing, this research set two scenarios 
which included low, medium energy saving and pollution reduction policies respectively. Then the long-range energy 
alternatives planning system (LEAP) model was applied to predict the reduction effect of chief atmospheric 
pollutants and GHG in 2010-2020 under two scenarios. The results of the study show that energy consumption can be 
optimized through the policy of energy-saving and emission reduction and environment protection, and up to 2020, 
Beijing energy demand will reduce by 10 million tons of coal equivalents. Under the energy scenario with moderate 
restrictions, the anticipated emissions of SO2, NOX, PM10, PM2.5 will be respectively reduced to 10.02, 21.87, 13.38, 
9.60 ten thousand tons. Compared with the same period time under low scenario, air pollutants will reduce by 53%, 
50%, 33% and 25% respectively. Beijing city should focus on adjusting the structure of energy consumption in 
industry, service and transport department, which can effectively relieve the energy supply pressure and remarkably 
reduce emission of chief air pollutants and GHG, evidently improve the environmental air quality, it has significant 
multiple positive effect to the long-term energy environment construction. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
Keyword: emission reduction; LEAP model; pollution; greenhouse gases (GHG); energy consumption 
1. Introduction 
The air quality of China has been improved in recent years, as energy saving and emission reduction 
and air pollution control were done. However, China is in the middle of industrialization, the pressure 
from gas pollutant and GHG is also high. Both of the old environmental problem (SO2, NOX, PM10) and 
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new environmental problem are very urgent [1]. The emission of GHG and gas pollutant are mostly from 
the burning of energy sources, so it is very important to assess the energy policies, adjust energy structure, 
promote the harmonious development among energy, environment and economy from the comprehensive 
emissions of GHG and gas pollutants. Beijing, as the capital of China, 4.7% of the growth rate per year of 
energy has supported the 11.4% of the growth rate per year of economy. At the same time, the effect of 
energy saving and emission reduction in Beijing is in the domestic leading level. However, the 
consumption of the energy will increase with the economic growth, the pressure from the environmental 
protection is higher than before. In the future, the emphasis of environmental protection and energy 
development is how to control the emission of gas pollutants and mitigate the GHG emission. 
There are many researchers who have conducted the researches about energy saving and carbon 
reduction of Beijing [2], energy utilization and gas pollution [3,4]. These scholars put forward the 
suggestions of promoting the gas environmental protection and optimizing the energy consumption 
structure.  However, the previous researches mostly concentrated on the mutual influence and restraint, 
there were few researches about the energy consumption, gas environment and GHG emission. So this 
study uses energy-environment model to simulate the emission of gas pollutants (SO2, NOx, PM10, PM2.5) 
and GHG under different energy consumption scenarios. Finally, this research analyzes the emission and 
the important sectors of energy consumption optimization. 
2. Methodology 
2.1. The LEAP model 
LEAP(Long-range Energy Alternatives Planning system) is an econometric model developed by the 
Stockholm Environment Institute and Boston University in the USA. It can be used for analysis of energy 
demand and environment impact analysis. For these years, LEAP model has been used for the research of 
energy-environment problems in some district of China. In Shanghai, LEAP model was used for 
analyzing the influence of energy-consumption, pollutant emission and transportation pattern to energy 
and environment [5-7]. The policy of energy saving and emission reduction in Xiamen was analyzed by 
using LEAP model [8, 9]. LEAP model was used for estimating and analyzing the future natural gas 
consumption market in Beijing [10]. The energy demand of transportation and pollutant emission in 1998 
to 2000 was estimated by using LEAP model in Beijing [11].  
In this model, the formulas of energy consumption and pollutant emission in the LEAP model are 
presented bellow. 
(1) Energy consumption  
, , , ,EDk k j i k j i
i j
AL EI                                                      (1)  
where ED is the energy consumption of a given sector, AL is the activity level, EI is the energy intensity, k 
is the fuel type, i is the sector, and j is the energy consumption terminal. 
(2) Pollutant emission  
, , , , , , , ,EDE L k j i k j i k j i P
i j k
AL EI EF                                                        (2) 
where ED emission is the pollutant emission, AL is the activity level, EI is the energy intensity, and 
EFk,j,i,p is the pollutant p emission(kg) factor form fuel type k for equipment j form sector i. 
(3) data sources 
For this analysis, the total and sectoral energy data for 2010 were obtained from the Statistical 
Yearbook of Beijing and other relevant studies. The pollutant emission factors used in this study were 
taken from Practical Data handbook for environmental protection , The general principal for 
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calculation of comprehensive energy consumption (GB/T-2589-2008) , the forth assessment report of 
IPCC. The sulfur content of coal and oil and their transformation to SO2 when they were burnt were 
referenced to the result of Arndt [12]. 
2.2. Scenarios construction 
The time period of the analysis spans the years 2010 to 2020, with 2010 as the baseline year. The 
driving factors of the model comprise economic growth, population size, adjustment of industrial 
structure, improvement of urbanization, the change for the production and consumption pattern and so on. 
Five end-use sectors are incorporated in the model: household, agriculture, industry, transport and service. 
From the table 1, two scenarios were constructed in this study using LEAP model to analyze possible 
effects of different policies on energy saving and emission reduction: scenario 1, scenario 2. Scenario 1 
stood for energy saving and emission mitigation at a low level, it was designed according to the policies 
of 2010. Scenario 2 was a moderate level of energy saving and emission reduction. It described the future 
energy and environment development direction as guided by the government s economic, energy and 
environmental policies proposed in the 12th FYP of Beijing. The key parameters were listed in Table 2. 
Table 1. Factors and main differences among the two scenarios. 
Relevant policies and factors Scenario 1 Scenario 2 
The policies for energy 
saving 
Using existing policies 
 
Increased efforts on the energy saving and 
emission reduction, improving the energy 
efficiency. 
 
The policies for 
environmental protection 
Using existing environmental protection 
standard 
Focusing on PM10, PM2.5 control, 
implementing more rigorous 
environmental protection standards. 
Energy structure 
Adopting the energy structure in 2010: 69.4 
million ton standard coal was consumed in 
2010 (the ratio of coal, oils, natural gas and 
non-fossil fuels was  30.3:30.3:13.1:3.2) 
The coal consumption will less than 20 
million tons. Natural gas will account for 
20% of total energy consumption, the ratio 
of coal, oil, natural gas and non-fossil 
fuels will reach to 16.8:28.3:24.4:6.1 
Table 2. Parameters in various scenarios. 
Indexes 2010 2015 2020 
Population million  1961 2050 2141 
Household scale million  668 740 800 
Urbanization rate %  77.31 83 90 
Growth rate of GDP %  8 8 8 
GDP 1000 billion RMB  1.4 2.0 2.8 
Share of primary industry %  0.9 1 1 
Share of secondary industry %  24.1 21 19 
Share of tertiary industry %  75 78 80 
3. Results and Discussion  
3.1. Energy consumption 
Based on the parameters listed in Table 2 and formula (1), the predicted energy consumption is shown 
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in Table 3. 
Table 3. Energy consumption under the two scenarios from 2010-2020. 




Household 12.1 11.5 10.8 12.1 12.9 12.3
Agriculture 1 1.4 2 1 1.4 2
Service 17.9 26.3 38.7 17.9 26.3 38.7
Industry 24.6 36.5 53.6 24.6 36.5 53.7
Transport 11 16.2 23.9 11 16.2 23.9
In total 66.7 91.9 129 66.7 93.3 130.5
  
On the whole, energy consumption under each scenario will increase, but their growth rates are 
different. In 2015, the energy consumption will be between 91.9 93.3 million tons, the energy 
consumption of the household, service, industry and transport department will respectively account for 
12% 14%, 28% 29%, 39% 40% and 17% 18%. In 2020, the energy consumption of Beijing will 
amount to 129 131 million ton, the household department will decreased to 8%-9%, the service 
department will increase to 30%-41%, the proportion of the industry and transport sector has small 
change compared to the proportion in 2015, respectively 41%-42% and 18%-19%. 
3.2. Air pollutants and GHG emission 
On the base of formula (2), the predicted results are shown in Table 4. 
The predicted values are shown in Table 4. From the result, the emission of SO2, NOx, PM10/PM2.5 in 
2010 was 10.44, 20.89, 11.87/7.51 ten thousand tons. Under scenario 1, the emission of SO2, NOX, 
PM10/PM2.5 in 2015 will increased to 15.09, 29.99, 15.11/9.70 ten thousand tons. When compared to the 
emission in 2015, the emission of SO2, NOX, PM10/PM2.5 in 2020 will be 21.27, 43.16, 19.95/12.97 ten 
thousand tons. Meanwhile, the emission of GHG will multiply. The emission in 2010 was 1.03 hundred 
thousand tons, however, the emission in 2015 will increased to 1.57 hundred thousand tons. When arrived 
to 2020, the emission of GHG will be 2.23 hundred thousand which will be two times than the emission 
in 2010. 
Under scenario 2, the emission of SO2, NOX, PM10/PM2.5 in 2015 will be 9.08, 19.31, 11.20/ 7.58 ten 
thousand tons. The emission in 2020 will be 1.10, 1.13, 1.19/ 1.27 times in comparison with the emission 
in 2015. At the same time, the emission rate of GHG will slower than before. In 2015, the emission will 
increase to 1.49 hundred thousand tons. When comes to 2020, the emission will be 1.65 hundred thousand 
tons. 
Some of emission factors including the transportation emission were based on the newly research 
achievements of Beijing. The results were reasonable because they were almost same as the emission of 
SO2 (10.4 ten thousand tons), NOX (19.8 ten thousand tons) in Beijing published by Ministry of 
Environmental Protection. This study analyzed the emission of PM10, PM2.5 from burning the energy, the 
particulate matter from natural background, construction site dust and so on not included. 
3.3. Reduction key sectors of atmospheric pollutants and GHG 
(1) The emission reduction of GHG 
When clean energy is more used in transport and industry sector, the emission of GHG will obviously 
reduced. Under scenario 1, from 2010 to 2020, the emission of GHG will increase from 1.03 hundred 
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thousand tons to 2.30 hundred thousand tons. But through optimizing energy consumption structure and 
increasing the energy-saving emission reduction efforts, the emission in 2020 will only increase to 1.65 
hundred thousand tons.  
Table 4. Predicted emissions of the chief air pollutants and GHG under two scenarios. 




Household 0.15 0.19 0.24 0.15 0.17 0.20 
Agriculture 0.01 0.02 0.03 0.01 0.02 0.03 
Service 0.15 0.35 0.52 0.15 0.32 0.33 
Industry 0.30 0.44 0.68 0.30 0.42 0.48 
Transport 0.42 0.57 0.76 0.42 0.56 0.61 
In total 1.03 1.57 2.23 1.03 1.49 1.65 
SO2/ten thousand tons 
 
Household 1.76 1.66 1.57 1.76 0.94 0.72 
Agriculture 0.27 0.38 0.53 0.27 0.38 0.53 
Service 2.19 3.22 4.73 2.19 2.17 2.42 
Industry 4.58 7.41 10.89 4.58 3.96 4.52 
Transport 1.64 2.41 3.54 1.64 1.63 1.83 
In total 10.44 15.09 21.27 10.44 9.08 10.02 











PM2.5/ten thousand tons 
 
Household 1.75 1.89 2.03 1.75 1.60 1.56 
Agriculture 0.33 0.47 0.65 0.33 0.47 0.65 
Service 1.62 2.39 3.51 1.62 2.17 2.95 
Industry 5.91 8.92 13.11 5.91 6.73 8.45 
Transport 11.27 16.32 24.33 11.27 8.34 8.25 
In total 20.89 29.99 43.16 20.89 19.31 21.87 
Household 4.52 4.27 4.03 4.52 2.51 2.20 
Agriculture 0.06 0.08 0.11 0.06 0.08 0.11 
Service 2.16 3.18 4.67 2.16 2.50 3.03 
Industry 1.67 2.50 3.67 1.67 2.61 3.65 
Transport 3.46 5.08 7.46 3.46 3.52 4.37 
In total 11.87 15.11 19.95 11.87 11.20 13.38 
Household 2.57 2.43 2.29 2.57 1.60 1.44 
Agriculture 0.03 0.04 0.06 0.03 0.04 0.06 
Service 1.09 1.6 2.36 1.09 1.45 2.06 
Industry 1.13 1.67 2.46 1.13 1.61 2.34 
Transport 2.69 3.95 5.8 2.69 2.89 3.70 
In total 7.51 9.70 12.97 7.51 7.58 9.60 
 
     (2) The emission reduction of pollutant  
The emission of SO2 will be reduced through energy replacement in industry sector. The emission of 
NOX in transport sector will account for around 36%-54% of the emission of NOX in Beijing. The 
emission of NOX will be reduced through increasing the public transport ratio and motor vehicle emission 
standard, at the same time, low-energy and low-emission technologies and new energy vehicles will be 
adopted. 
(3) The emission of particulate matter 
The source of PM2.5 is most from household sector, industry sector and transport sector. The emission 
of PM10 mostly comes from household sector and transport sector. Through optimizing public 
transportation and developing energy-saving transportation and clean energy replacement, the emission of 
PM10 and PM2.5 will be reduced. 
4. Conclusions 
 Emission reduction will come true through optimizing energy consumption structure. The energy 
352   Li Jun Pan et al. /  Procedia Environmental Sciences  18 ( 2013 )  347 – 352 
increase mostly comes from the industry sector, transport sector and service sector. The energy demand of 
these three sectors will account for 80% of total energy demand. The energy consumption structure of 
main sectors needs to be optimized. Also the clean energy should be advocated to use. 
 Under different scenarios, the emission of pollutant and GHG will be reduced through increasing the 
constraint of the energy saving and optimizing the energy consumption structure. In 2020, the energy 
demand will be reduced by 10Mtce under scenario 2. The emission of SO2, NOX, PM10, PM2.5 in 2015 
under scenario 2 will be reduced to 9.08, 19.31, 11.20, 7.58 ten thousand tons. When the emission of 
these pollutants compares to the emission under scenario 1, the ratio will be reduced by 40%, 36%, 25%, 
22%. The emission of SO2, NOX, PM10, PM2.5 in 2020 under scenario 2 will be reduced to 10.02, 21.87, 
13.38, 9.60 ten thousand tons. When the emission of these pollutants compares to the emission under 
scenario 1, the ratio will be reduced by 53%, 50%, 33%, 25%. When the energy consumption structure is 
being optimized, the emission of GHG under scenario 2 will be reduced by 0.58 hundred thousand tons 
compared to scenario 1, then, the goal of emission of CO2 per GDP will be achieved.    
During and after twelve five-year, the emphasis should be put on controlling pollutants and tackling 
climate change from regulating energy consumption respectively. Furthermore, the emission of pollutants 
and GHG will be reduced while we can achieve win-win for protecting our environment.  
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